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[57] ABSTRACT

An electro-acoustic transducer unit for use either as a
microphone, a receiver or a voice frequency ringing
transducer has a transducer plate fastened between
bearing members provided with a piezo-electric layer.
By carefully dimensioning the resonator chambers in
front of and behind the transducer plate and providing
one resonator space with a neck closed by a covering,
which 1s removable, the transducer may be used as a
recelver or a microphone or, by removal of the cover-
ing, may be used as a voice frequency ringing trans-
ducer. The transducer unit is particularly applicable as
an electro-acoustic transducer in telephone technology.
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7 Claims, 1 Drawing Sheet
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ELECTRO-ACOUSTIC TRANSDUCER UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a an elec-
troacoustic transducer unit for use in communication
terminals.

2. Background of the Related Art

In communication terminals, such as telephone sta-
tions, three electro-acoustic transducers are necessary,
namely a microphone, a receiver, and a signaling device
such as a voice frequency ringing transducer. Using the
piezo-electric principle, all of these transducers operate
according to the same scheme. In the case of micro-
phone, the transducer plate is provided with a piezo-
electric layer and an unpitched sound is directed against
the transducer plate, which converts the sound into an
alternating current. In the case of a receiver and a voice
frequency ringing transducer, it is vice versa. In other
words, an alternating electric signal is directed to the
piezoelectric layer so that a sound is produced. How-
ever, voice frequency ringing differs from the operating
of a receiver basically in that it radiates certain frequen-
cies at a particularly loud amplitude. Thus, the natural
resonance of the transducer diaphragm and the reso-
nance of the acoustic spaces is preferably utilized rather
than controlled. In the case of a receiver and a micro-
phone, however, the resonance of the membrane is
dampened to gain a uniform frequency response.

To lower the costs for storing and manufacturing, it is
desirable to use the same type of electro-acoustic trans-
ducer for a microphone, a receiver, and a voice fre-
quency ringing transducer. -

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
transducer unit which can be used as a microphone, a
receiver and as a voice frequency ringing unit using the
piezo-electric principle.

According to the invention, these and other objects
are achieved in that a first resonator is provided consti-
tuted by volume arranged on one side of a transducer
plate, the volume being coupled to an outer volume
through sound transmission apertures. A further resona-
tor is constituted of a volume arranged on the other side
of the transducer plate that is acoustically connected to
the first resonator. The further resonator has a neck
portion that 1s closed by a covering. The further resona-
tor 1s also connected to a last resonator via coupling
apertures. The arrangement represents a transducer that
can be used either as a microphone or as a receiver, or
the covering over the neck is detachable for use of the
transducer as a voice frequency ringing transducer.

‘The acoustic coupling of the various spaces, or vol-
umes, of the resonators with each other makes it possi-
ble, given a closed neck, to create a transducer unit for
use as a microphone and for a receiver and, after the
removal of the seal by breaking out the covering, the
transducer is converted into a voice frequency ringing
transducer in a simple manner. In other words, the
resonance frequencies are damped by the covering over
the neck for a relatively smooth frequency response. By
removal of the covering, the natural resonances of the
unit are exploited for ringing.

An acoustic coupling between the volumes on both
sides of the transducer plate is preferably provided by a
nozzle, or channel, provided in the transducer plate.

10

15

20

25

30

35

45

30

35

63

2

The nozzle, or channel, is of a dimension within the
range of sizes that are usual for receivers and micro-
phones.

It is furthermore possible to provide a sound channel
that is led around fastening means for the transducer
plate instead of the nozzle so as to provide an acoustic
connection between the first resonator and the further
resonator.

For the exact tuning of the oscillator behavior, it 1s
furthermore useful to store the transducer plate either in
a nonrigid or in a rigid state, which can be determined
by tests.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic cross section from the side of a
receiver;

FIG. 2 is a schematic cross section of a microphone
using the transducer of FI1G. 1;

FIG. 3 is a side schematic cross section of a trans-
ducer unit as a receiver and a microphone;

FIG. 4 1s a side schematic cross section of a voice
frequency ringing transducer; and

FIG. § 1s a schematic cross section a transducer unit
for operation as a receiver, a microphone, or a voice
frequency ringing unit.

FIG. 6 is another embodiment of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A receiver 1s shown in FIG. 1 composed of two hous-
ing parts 1 and 2. Between the housing parts 1 and 2 is
fastened a transducer plate 4 via storing, or bearing,
members 3. A piezoelectric layer § is provided on one
surface of the transducer plate 4 connectable by wires
W to a signal source (not shown). A sound radiating
side of the transducer of FIG. 1 is marked by an arrow
A whereby the first housing part 1 has sound transmis-
sion apertures 6 through which sound waves A are
transmitted. Between the sound transmission aperture 6
and the transducer plate 4 1s a space, or volume, which
forms a first resonator R1.

A second resonator R2 is created by a volume lying
behind the transducer plate 4. The resonators R1 and
R2 are acoustically connected to one another through a
large nozzle, or channel, 7 arranged in the transducer
plate 4. The second resonator R2 1s followed by yet
another resonator R3 which is coupled with the second
R2 via a coupling aperture 8, shown at the center of a
partition 2a. Finally, a coupling volume 9 is shown
which models the ear of the user. The illustrated trans-
ducer system is balanced to achieve a level frequency
response.

A microphone is shown in FIG. 2 which has many of
the same basic parts as the receiver of FIG. 1. In partic-
ular, a two piece housing 10 and 11 is shown between
which the transducer plate 12 is mounted. The trans-
ducer plate 12 is provided with a piezo-electric layer 13
to which wires W are connected and sound transmission
apertures 14 are provided in the housing part 10. The
path of sound waves which are detected by the micro-
phone is indicated by arrow B in FIG. 2 entering the
apertures 14. Similar to the receiver of FIG. 1, a resona-
tor RS in front of the transducer plate 12 is acoustically
connected to a second resonator R6é behind the trans-
ducer plate 12 via a nozzle, or channel, 1S which is,
however, smaller compared to the receiver of FIG. 1.
Furthermore, a further third resonator R7 is connected
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with the second resonator Ré via a coupling aperture

16. Together with the coupling aperture 16, the resona-

tor R6 constitutes a strongly damped Helmholtz resona-
tor.

In FIG. 3 is shown a uniform transducer for a re-

ceiver and a microphone. The arrows C and D indicate
that the transducer derives from the transducers ac-

cording to FIGS. 1 and 2. A nozzle, or channel, 18 is
dimensioned so that it represents a medium size some-
where between the size of the nozzle 7 and the nozzle 15
of the receiver and the microphone, respectively. A
resonator RS, together with a coupling aperture 17 that
is connected to a resonator R9, constitutes a Helmholtz
resonator which damps the resonance frequency of a
transducer plate 19, which here lies at approximately
18300 Hz. The ilustrated transducer plate 19 has the
same geometry as in the embodiments of FIGS. 1 and 2
and the same resonance frequency (for a receiver-
microphone). However, the receiver as illustrated in
- FIG. 1 operates with a coupling volume 9 (the ear)
- sealing in the air to oppose the motion of the transducer
plate 4 by damping the motion thereof. Therefore, the
resonance frequency of the transducer plate is higher
when applied as a receiver that it is in the case of a
microphone. Since, however, the Helmholtz resonator
- is designed in a relatively broad band fashion, a slight
detuning barely leads to a slightly higher irregularity in
- the frequency response characteristic.

A voice frequency (VF) ringing unit is illustrated in
FIG. 4 which basically differs from the receiver and
microphone of FIGS. 1 and 2, respectively, in that it
transmits certain frequencies in a particularly loud fash-
ion. The natural resonance of a transducer plate 21 and
acoustic resonance of the acoustical spaces is thereby

preferred. The voice frequency ringing unit 'is com-
- posed of a piezoceramic layer 20 arranged on the trans-
ducer plate 21. The transducer plate 21 is held fastened
at 1ts margins or edges between first and second housing
parts 22 and 23. The second housing part 23, together
with the transducer plate 21 forms a volume R10 of a
resonator which has an opening 24 at its center, the
opening constituting a neck. The resonator volume R10
and the opening 24 form a Helmholtz resonator. The
transducer plate 21 has a resonance frequency of ap-
proximately 1.8 Kz. The resonance frequency of the
Helmholtz resonator R10 is determined so that it lies a
few hundred Hz to the side of the resonance frequency
of the transducer plate 21.

As indicated by the arrows E and F, the transducer
unit shown in FIG. § is derived from the transducer
units shown in FIGS. 3 and 4. Again, housing parts 25
and 26 are shown, between which a transducer plate 27
1S held in place by bearing members 29. The housing
part 25 has sound transmission aperture 35. The trans-
ducer plate 27 carries a piezoceramic layer 28 which is
connected therewith in a mechanically rigid manner. A
resonator space R11 1s connected to a second resonator
space R12 via a nozzle, or channel, 30. Via one or more
coupling apertures 31 and 32, a second resonator space
R12 1s connected to a third resonator space R13.

A neck 34 is provided for the second resonator space
R12 which 1s closed off by a covering 33 so that the
coupling apertures 31 and 32 together with the resona-
tor R12 consiitutes a Helmhoitz resonator. This ar-
rangement may be used as either a receiver or as a mi-

crophone.
- If the arrangement of FIG. 5 is to be used as a voice
frequency ringing transducer, the covering 33 is re-
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moved to open the neck 34 to the outside. The result of-
the removal of the covering 33 is to provide a slightly
damped resonator. The coupling apertures 31 and 32 are
then ineffective. The covering 33 is, for example, a
tear-away covering.

Instead of the channel 30 being formed in the dia-
phragm 27, it 1s possible to provide an external passage-
way P around the diaphragm, such as shown in FIG. 6.

Although other modifications and changes may be
suggested by those skilled in the art, it is the intention of
the inventors to embody within the patent warranted
hereon all changes and modifications as reasonably and

properly come within the scope of their contribution to
the art.

We claim:

1. An electro-acoustic transducer unit for communi-
cations terminals, comprising:

bearing members;

a transducer plate fastened to said bearing members;

a piezo-electric layer on a surface of said transducer
plate;

a two part housing having sound transmission aper-
tures, said two part housing enclosing and support-

~ ing said transducer plate via said bearing members;

a first resonator in said housing comprising a first
volume a first side of said transducer plate, said first
volume being coupled to an outer volume outside
said housing through said sound transmission aper-
tures;

a second resonator in said housing comprising a sec-
ond volume on a second side of said transducer
plate opposite said first side, said second volume
being acoustically coupled to said first resonator,

- said second resonator having a neck;

a covering closing said neck of said second resonator;
and

a third resonator connected to said second resonator
via coupling apertures.

2. An electro-acoustic transducer unit as claimed in

claam 1, further comprising:

a nozzle in said transducer plate for acoustically con-
necting said first and second resonators.

3. An electro-acoustic transducer unit as claimed in

claim 1, further comprising:

a sound channel leading around said bearing members
means for acoustically connecting said first and
second resopators.

4. An electro-acoustic transducer unit as claimed in
claim 1, wherein said covering is detachable from said
neck.

5. An electro-acoustic transducer unit as claimed in
claim 1, wherein said transducer plate is stored in non-
rigid fashion.

6. An electro-acoustic transducer unit as claimed in
claim 1, wherein said transducer plate is stored in rigid
fashion.

7. An electro-acoustic transducer unit for use as a
microphone, as a speaker, or as a voice frequency ring-
Ing unit, cComprising:

a two part housing;

a transducer plate affixed between first and second

parts of said two part housing;

a first resonant chamber in said housing on a first side
of said transducer plate;

a second resonant chamber on a second side of said
transducer plate;

means acoustically coupling said first and second
resonant chambers;
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a third resonant chamber on an opposite side of said nant chamber, said opening being closed during use
;?:? er}d resonant chamber from said transducer of said transducer as a microphone or speaker and
means acoustically coupling said second and third being open during use of said transducer as a ring-
resonant chambers; and 5 Ing unit.
a selectively openable opening in said second reso- * k% ® &
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